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[Abstract] Pectins, complex polysaccharides rich in galacturonic acid, are a major component of primary plant cell walls. These macromolecules regulate cell wall porosity and intercellular adhesion, being important in the control of cell expansion and differentiation through their effect on the rheological properties of the cell wall. In fruits, pectin disassembly during ripening is one the main event leading to textural changes and softening. Changes in pectic polymer size, composition and structure have been studied by conventional techniques, most of them relying on bulk analysis of a population of polysaccharides but studies of detailed structure of isolated polymer chains are scarce (Paniagua et al., 2014) . Atomic force microscopy (AFM) is a versatile
and powerful technique able to analyze force measurements, as well as to visualize roughness of biological samples at nanoscale (Morris et al., 2010) . Using this technique, recent research has found a close relationship between pectin nanostructural complexity and texture and postharvest behavior in several fruits (Liu and Cheng, 2011; Cybulska et al., 2014; Posé et al., 2015) . Here, we describe an AFM procedure to topographically visualize pectic polymers from fruit cell wall extracts that has successfully been used in the study of strawberry ripening (Posé et al., 2012; Posé et al., 2015) . Thus, from AFM images the 3D structural analysis of isolated chains (length, height, and branch pattern) can be resolved at high magnification and with minimal sample preparation. A full description of AFM fundamentals and the different sampling modes are described in Morris et al. (2010) . 4
Materials and Reagents

Procedure
First preparative step, at the acoustic-isolated and temperature-controlled room, is to turn on air conditioning and all the AFM equipment (PC, monitor, amplifiers…) to avoid background noise during AFM scanning. In the meantime, you can prepare your samples as described next.
A. Sample preparation 1. Dilute pectin solution (pectin fractions obtained with CDTA and sodium carbonate buffer)
in pure water to 1 mg/ml and heat at 80 °C for 30 min.
2. Make a serial dilution in 10 mM ammonium bicarbonate * to a final concentration of 1-5 μg/ml. The required volume depends on the initial concentration of the sample taking into account that it would only 3 μl would be required for AFM. Dilutions must be prepared freshly just before used. A sublimable buffer is used to prevent deposition of buffer crystals on the mica substrate, because they don´t leave residual salt crystals when evaporates. B. Atomic force microscopy 6. Insert the sample into the liquid cell of the microscope ( Figure 1C ) and inject 300 μl of tri-distilled butanol into the cell, halfway of the sample approach sequence. The use of butanol as an imaging solvent has a double purpose; it eliminates capillary condensation but also is a precipitant for polysaccharides, so prevents desorbing of the polysaccharide during imaging. Figure 2B ) are used to move the laser in the X and Y directions until the laser spot is positioned on the end of the cantilever ( Figure 2D ). An optical microscope is used to visualise the laser spot and cantilever to check if the laser is aligned ( Figure 2C Probe with laser not aligned correctly. E. Photodetector amplifier with axis data. F.
Photodetector amplifier with SUM data.
10. Approach the sample to the tip to subtly position the tip onto the sample surface. This step must be done carefully to avoid hitting the tip onto the sample, which will blunt or contaminate the tip and ruin the scanned image. This step is done with the support of an oscilloscope (Figure 3 ) that reproduces the vibration of the cantilever. When the tip is far from the sample, the vibration waves will be broad ( Figure 3A ) and when the tip closely approaches the surface the wave pattern will a make sudden change denoting that tip and sample are establishing contact ( Figure 3B ). Adjust the force to obtain a http://www.bio-protocol.org/e1598 
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parameter to define the breadth of the distribution curve (Posé et al., 2012) . This PDI index would be unity for a perfectly monodisperse polymer, so the higher the value the more disperse the polymer. Figure 6A-B) can be done by fitting a Log normal distribution to the data (Posé et al., 2012) . Thus, if original data (L) is transformed by natural logarithm a normal distribution is obtained, and the data can be compared by analysis of variance (ANOVA). Another useful option for sample analysis is the cumulative frequency curves generated by the Log normal function ( Figure 6C ). 
